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(54)TiUe: RECOMBINANT SCNDAI VIRUS 



(57) Abstract 

A method for reconstituting Sendai virions which comprises introducing the genome of Sendai virus into a host wherein all of the 
early replication genes have been expressed. This method enables gene manipulations of Sendai virus and thus makes it possible to utilize 
Sendai virus efficiently as a vector. 



(5 7) %® 



A L 
AM 
AT 
AU 
AZ 
B B 
BE 
BF 
BG 
B J 
BR 
BY 
CA 
CF 
CG 
CH 
C I 
CM 
CN 

cz 

DE 
DK 



* + ? 



EE h-T 

ES ^ 

FI 74y9>h- 

FR 77^ 

G A *ftf > 

gb >r*y* 

GE 7 

GH 

GN 

GR *y^-r 

HU ^>#y- 

IE 7^7>- K 

I S 74 Xyy K 

it >r * y - 

P B* 

E *-7 

KG ^y^^r^^V 

KP ffi£&±±*A££|pg 

kr xn&m 

kz trfy^tis 

LI ytT^*>a^><^ 

LK ^U^* 



lr y-<yr 

l s wyh 

LT V hT^T 

LV 7h^7 

MC *-f=i 
MD K'< 
MG 

MK -7* K = 7IB^-=fX7 
7-f7*fc@ 

ml ^y 

MN *>*A> 

MR *-y*=7 

MW 

MX ^^^3 

NE - ^^-A- 
NL 

NO ;^!)x- 

NZ = - S>-7>- K 

PL K 

PT tf^htf/W 

RO A^*r~7 



RU n>T*« 
SD 

SE X ?x-r> 
SG 

SI Xa^x^T 

SK ^ai/r^TftftB 

SN •fc*;6fA' 

SZ ^7-/7> K 

TD *ir-K 

TG h-=* 

TJ ***x*^ 

TM K/v? > ^x? > 

TR h/t'S 

TT hV-?~ K - K/<^ 

UA 

UG 

US *S 
UZ 

VN -T-fxhfA 

yu trr 



WO 97/16539 



1 



PCT/JP96/03069 



mm 
mm 

*>?4UJ\,Z (Sendai virus) fci, HVJ (Hemagglutinating virus of 
Japan) tbmSti. * y ^ ,1^*4 (Paranyxoviridae) , /<*$*y* 

4)\>*m (Paramyxovirus) fcJR*3^-f >7;Px>-ff t^ji,* i mtftmzti 

. *fcWto*fflfcttfc«^yAMiA (ttT r (-) mAj fcftrSo } ^ 
JS<«ffl*#lTlr%*. «»^ttUst?V-AO#«i:UT, *£?£*J8® 

-) mm*4j\,z<D, (-) i*^RNA^^;u^^-r(3jgrSo ma*** 

dsRNA-W (double stranded MA virus) N ( + ) glRNA^ )\,7>& 
d^^^m, -f ****** »*9®ttft®«ttds 
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^;u*ftll#g£tt£:P7V|&#<W;i/* (Adeno-associated virus) jftKs 

K (+) &RNAIi£|#££W1-S £ £ 

Att ( + ) (-) Slt&UfcJt^fc^bfc^ <IMSrt£*A;*ftTfc'>-f;i/ 

(iitfi^ tesfcffl ^ * - £ t x s&cd « cd v > e> fix v > * 
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* 9- 1 ^x&m? zzt&ai&ttjizz£&mftv%2>o ate, << >^-7i 
•5 fci&ijteTOfSttfbfcH iris >w ;i/^«iio»e*»ii«f t <fc o *»a 

DNA£ y J mm. 1 1 5 DNA-> -f * * 05 fltifttt itSBtft^ < * S> fir ft fcttT * D 
x 0fl*ttx SV40 (J. Exp. Cell Res., 43,415-425(1983)) 0£?C, Hiitfey 

RNA&yyA^Kfc-rSHNA^-f^^OSWfiKtt. ( + ) 8RNA*-f ;i>*C*5^ 

#x TXlzl%9iflzm£gtiX^Z (Journal of Experimental Medicine, 110,6 
5-89(1959)) o *fex HrA'J^tt^-f;^ (Semliki forest virus; SFV) T* 
H\ 1t±«UB©DNA«#ttRNAl5¥Stt*l«ffl'r5ifct:J:»)x cDNASttiSrtCII 
A-rS^hfcioT^-f^O^^Rltl-raSCfc^^^nr^S (Jour 
nal of Virology,65,4107-4113(1991)) . 
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£ftTV>5 [Bio/Technology, 11,916-920(1993), Nucleic Acids Research,23, 
1495-1501(1995). Human Gene Therapy, 6, 1 161-1167( 1995). Methods in Cell B 
iology,43,43-53( 1994k Methods in Cell Biology,43,55-78(1994)] 0 

<< )izm?nmf&m& % t>#>x mntz tz z t izmm? s „ 

m&Ltzk^tz (-) fgRNA 04 )IX CDRNA( vRNA ; viral RNA)£fcte*©*§M 
$RNA(cRNA; complementary m)*mkxmMftlzmXLX & (-) $RNA»M;i/ 
tite^ztWMbtHzgnx^Zo z<dz ( + )miMO-f)i 
Z<Dm& ti-Z&Zo fcfc, ^Hl¥4-211377^^t(i, r&mM 

A^>r;u^©yyA{c^-rscDNA^ira^oM^RNA^^;i/^©^ii^Sj 
(cov>th2«* i «>s* s , i£&m<Dmmft®tfz<D££mwiztiT^z> tembo.j., 

9,379-384(1990)j fc£, I^©SSf4^^3t^P,j!pi:«;^ *t^-f*»£ 
itXP^fc^ttKIfcOWTV^ (EMB0.J.,10,3558(1991)#M) CtfrbV 

(-) $RNA^;i';*©l?#j&£co^T, >^;ux>-»f trj kxizmlx 
(Annu.Rev. Microbiol. ,47, 765-790(1993), Curr. Opin. Genet. 
DEV., 2, 77-81 (1992)) a 4 >7>M/X>-tf "W^tt, 8#gp"4V A £ D«fJ&£ 

(-) $rna<w;u*t-&£o cn^cD&^infcj, $>t>frcsb-z<D5t> 

O 1 ocDcDNAJC^ttiSfe^ Us £tzftMft&fc?*<£ts 8 *f^T©cD 
NAfr 6 $K¥£ftfcRNA£fc £ A> C JIT E&&©NPg filt -B"CRNP£ L 

* ;w*f*K:M -r 5 *> 4 j^t x<Mki? © mmm^-o i 
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(J. Virol., 68, 713-719(1994)) 0 



^ ©ae«ftft wis k u *&?m*®»v?^)*jb c w* 9 5 * > y 

*?4)VXVm* (defective interfering part icle/EMBO. J. ,10,3079-3085(1991 
>#JB> ft*©cl^**ttHr>^^-f;^5-yy AOcDWMv , T% 

ttiftfiftofc. fom, «artt:»At5, cdna, MttHcnrtcDiiAff 

**±ft©cDllA* ( + ) (-) iOlff^Hjiu jy**-? ( + ) ft** 
tt (-) «©-b>^^-r;^MAy^«*ii*J:^ftr5^$ KftMu 
W*«CH1-5cDIlA»ft»SUTO*ttBrtt:#AL)!i. *Oi*t>y^ 
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f-=r*^;i,a*m*fc^»£-c&«fe >*r-r e7^;i/^cD^fi|£ig^ff v>-5 5d i;£ 
U «IJIHEMIMI*»©cDMA*T7r D*-^-$iiT-etelC*#fc»d 

cfflft^flc-b > ^ * jix % z t #rt&t-<& s c t lt h 

5o &4b\ fifflteWttMffftr^TftH-r^inflltt. rj.Virology, 68,841 
3-8417(1994)j fciB««*ftT:fe»K SfB«^#^UT^^#^mi"S-h#pI 

P/C, LO3#©aeH*«3SUTVN5 0 

£t^T®%£te[soZZtT'$>ZZt&We>frT'$>Zo W*>. *«Wfc*V>T 
(2) l"3W±o*WggfiJiafi-?AsaS[g6gfjiT^sci:4^a2:-r5 (1) 
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(4) (i) ~ (3) <o^?titi>iztffi<Dm&zi£*>9''( 

5RNA£^trRNA. 

(5) (1) ~ (3) ©VN-fn^{il3«©iifigl^i4:-fe>^e7>i';i/^{^$n 
£RNA©cRNA£^trRNA, 

(6) (a) (4) ^fctt (5) lwlB«©RNA§te^b9S^cDNA^$rDNAi: 

^ (b)^DNA$^Si:LTIS^Wf*I*^MJ!a^T- (4) g;fcli (5) £13«©RN 

(7) (a)-fe>^f>W;v;*®NPSefCx P/CgeKfc«fctfLga!fC (#gGft 

(ii^©TS&£*T£M&:sfT-fc<j;^) z&mtzmiEt. 00 (4) stii ( 

5) £I2«£>RNAi:£^tr*y K 

(8) •b^nb'OixmvmeiM. ?/cmQn%£viman (&mam\tm 
m<Di%&*mt2>m&nT-t)M ^^it5i±c (4) (5) tia 
«©rna&£a?- (i) - (3) <Dutntnzim<Dmmz.tii-b 

(9) (a)-b>^-i7^;ux©NPgaS, P/C^ejt££VLgfi!ft£Sggi-r2> 
(b) (4) £fcfci (5) ©V^■rn^(C|B«©RNA^fc(icRNA^te¥U^ -5^ 

S!cDNA£^$fDNA, (c)^DNA^Si: bT^^rt^fcMflS(*lT' (4) ^feii 

(i o) -fe^-r^^oNPgait, p/c^esiJiVLges^^-rs^ 
(4) ^fett (5) iztffiaMte&^vo z&mcdMZ<§tsmkb, mm 

AZmmtLZU®'gfil£tii±Mfamz- (4) *fctt (5) ClEttORNA&te^L 
^^-y hi:*^A-TSCi:^^tfx (1) ~ (3) ©^"fti*»fclB«©jf[ftJft 
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(11) (3) %m<D&m*.K*>y>(*j)\,z% m % i 2^ %MLtz 

d2) (3) ie«©*§&*ft-tr>*v e?-r *a*li±fc:*Au 

Y^©Mafr, p/cs*x*j:vlbm (#®em(ii5i^©fstt*#-r5g 
gas, p/cges*j«tvLga§ (MdKttn«om«*-r«sair?«A 

ft (Sendai virus Z strain) , (Sendai virus Fushini strain) 
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•fe>*''f ">>f;i>*RNAK:*MTttx E1SH5U (5'-AGGGTCAAAGT-3' ) £R 
(5'-GT A AG A AA A A-3' ) tOF^ 6 Sffifll 
SftAfSililffSasi^ (Journal of Virology, Vol. 67,No.8,(1993)p.4822-4 
830) o «3a»*»ALfc^*tt»g?©«S«J±> &fc?ft\(D®.W, SfcJtfc 

>94t>4 ft* «t5ttT^iiKM)!pft 5 * ©T- & «fc V>**. 09* fcf 

fjrfccjto -churl -5 5 c 
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10 

^•7^;i/^-> (hemagglutinin) Ste*:^ 5 U^- If (neuraminidase) rS 
^tiffl n £ c i: nJt&T'& 2> 0 
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setter fttjjizftajyp-yj.u^stDmmMZftmtzzt^z. 

W&tt'f frZ^tt-lt-b^syj )IXIZ&&{sZ^Z<DT'£±&&&<, u 
fr**7^X^£ LT^-5©T-, 4>S©&#T'&*tfc}$ 

mm*w±t s c & tz \±mm* iz. rna«c#ma* >j ^ ^ —ens 
nmtz^tzctwz'gz, 

m 1 i4pUC18/T7( + )HVJRz.DNA©«|j«*^-rBn?»So 
m 2 (ipUCl8/T7(-)HVJRz.DNA©^fig^^1"0T-fe5 o 
El 3 ttCV-lffl|g^©SeVgpl20©!$Sfe&©l$ra fcHAO©fiiS Vgpl20©«S* 2: © 

C^JS^J 1 ] ^>£lJ^l2kZ 2 fc pUC18/T7( - )HVJRz .DNA& jt tft>U 



WO 97/16539 PCT/JP96/03069 

12 



C18m( + )HVJlU.DlfAg)f£« 

T7 rnt-^-, (-)«RMA#te^n5J:-5K:i9:it*iife-b>^^-f;^c 
DNA, U*1f-f A»fi?*C0jRfc«#*-3DNA* % pUC18r^^5 KCffALfc 
7*7** KpUC18/T7(-)HVJRz.DNA&{tiKLfe„ *fc, T7 7d^-^- (+)^r N 
h&m^Ztl 5 «t ? fclMH-S ftfc-fe > ■? ^ ;i>*cDNA, U if -f £ 
©JPCfcfc-TSDNA*, pUC1877*i; Kl;jfAU:777^ KpUC18/T7(+)HVJRz 
.DNA*fls« bfee pUC18/T7(-)HVJRz.DNAfc<fc VpUC18/T7(+)HVJEz.DNA©«^*0 

[^JSW 2 ] cDNA»g>g)-b>y^ »W;t/Xg;t3f5£l£is 
agecmOT-^^^^^^^-Kcii^© 'J7£/>j&JifcJ6bfcLLC-MK2fai 
lia£2,000,000<@£MEMigife(MEM +FBS 10%) 2ili:Si8JnU C0 2 5X, 37«C©&# 
TT?24«rlSU3*bfco tt*»£%>)|i*^ lil©PBS*flH>Tifci*Lfc&, 

(noi/nultiplicity of infection) #2 t&SJ; 3£Sit!iL£s T7*lM 

^-***S-rS»»ifl:9^^-7«>-f;^vTF7-3*O.lil0PBSfc:ai»Lfc* 

, li«HI©!«Jft*ff-3fco ^-Oi^fcHtelftiU lml©PBS£ffl^Tffi#U£o 
cDNA^$^tfJ$Jfe^»Lfco cDNA&M^tfigifeGDftSm 

x pGEM-L, pGEM-P/C, pGEM-NP £1.5ml©tf>T U >^a-rtfc D 

s HBS(Hepes buffered saline; 20mM Hepes pH7.4, 150mM NaCl)£#D;lTJi®g£ 
O.lmltbfco H*© H*fctt(+)cDNAtt, 75** KpUC18/T7(-)HVJRz.DNA£ 
fc(±pUC18/T7(+)HVJR«.DHA*©*©*^U /CttSM*0t£, /LttfflBIIXMluI 

ffe^ , ;*^1/>-? l j.-7'©4 i T\ HBS 0.07ml, D0TAP(^— 'J >#— t W\ 
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io^#nLfco ztnz, w&mmm (2mi mem +fbs iox) £»b/= 

o $b£ZO$£V9?-T$>(fr7.®mmM'C&& } )77>Vi'> (Rifampic 
in) tyh>»77 £7 <> K C (Cytosin arabinoside C/Ara C) fcgi&litStf 
^tl^nO.lmg/ml, 0.04ng/ilh&SJ;-5(l»Lfeo .rfttitK cDNAS** 

mUO^^-U^40m?S 5%C0 2 37°CO^TT'ig«tfeo 5/t-st*»;>lT> 

tzo dO«aa**SBl*t:^Ufcttllia»fc«:SJ:-5t:PBSt!#«5U 0.5ml 

HJJRLfc^-f ;i/*«E©HAU (hemmaglutinin unit)*:, PFU(plaque forming uni 

HAU©M£ttWT©«fc'3fcfTfcofc. 400x g,10aBfla<&U ±» 

£J£Tfco g5&J8£> ifcB£®100{gg©PBST-Sli§b> Cft** 6fc:400x g, 10 
aiBifc&U ±?S*&Tfco e>fc2|IU MDSU 0.1%«?gi££ 

f^Kbfco •>'f^^**fta«#f5iSt:J:02e-r-3t:*RU *©0.05il1"o . 

%-Ke>94 *-7*u-hic#iibfco C^^^-7l/-M:, *eto.05 
mlTo©«^$^aU «<«Ir**T J: 4°CT40##Bbfco 
*©&x *M©Mg£«T*i£&U iilibfc &£>©?*>, iofc^^M 

HAU^bT^bfco 

PFU©«U£J4£lT0«fc'5t:ff«Cofco CV-lijiflS£ N 6ft©*;i/f-*-7l/- h± 

c <fc o io^^o c b tz t> 4 )i 7, mm . lmi f-D *z n?n<n tt * - 7* u 
-h^x^au 37°c, mnA%$«&. **!*tjfiiT»©^*ixT^& 
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^2xMEMm^£55-CT-«if£toi2\ £ h £«tl*ft0.0075ing/iil fc&S «fc "5 

TT*37°C3aP^SLfco 0.2ml©0.1%7xy-;n/-y K^JDX., 37"C 3M& 

£PFU/ilfcLTMibfco 

*1£0\ LLC-MK2lffl|jS(3^Abfci|^i:^2 > -t>^^^'f;i/^cDNA, RNA&tf 
^^g3feS^©cDNA-efeSpGEM-U pGEM-P/CiJi^pGEM-NP©*, >*^- 

*>3>m®, iiPcgiifciM, hai\ pfu s^en^n^bfeo 

£1 



«S?cDXA £ft(«8) f™ 4 " P^P*" P* 3 ™" 

Mu g) P/C(ug) NP(ug) 
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tztt* iztt^x t> 4 )M&=¥-ifmmz < nmmatizztvmztuto 
l, p/c, NPsiB^-rsr^x^ K5y=#fc*)C^s^if9^*is^siiK*ff 

ofco £i£B:^JIi0i2 tmmZ'&Z&s Hfli^l2T*ttcDNAi:i:*»{C > pGEM-L, pG 
EM-P/C, pGEM-NP©3#£«rt£#ALfc0(3;ttU *HSfcT'Bu pGEM-L, pGE 
M-P/C, pGEM-NP©? *>©ffigc© 2 #CD2*£cDNAfc: 2: 4) KfflfigtfllC^A 

j&fi&H^OcDNAtfft^pGEM-U pGEM-P/Cfc<fctfpGEM-NPCDfi x 
3>I^F^x L&JHlBgt HAU, PFU ZZn^tlTjiLtzo 
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[^J60<J 4 ] in ?itrotegRNAfr<-)g)-b>y^'!y^;i/^jH>5ft»» 
£cDNA£in vitrotls^ Lfcgtk rfcfc>*>vRNA *>«fctf cRNATfcPMJftCDCfctf 

-fe>*W !>-f ;i/^ft^JL^y hpUC18/T7(-)HVJRz.DNAi'«tt>-pUC18/T7(+)HVJRz 
.DNA£MR»*Mlul-Cg8ttfc:Lfc& x ZtlZmmt LTfflV\ «KT7*IM7 
— If (EPICENTRE TECHNOLOGIES: Aipliscribe T7 Transcription Kit)(l«t5in v 
itro RNA^fiRSff ofco in vitro RNA£f&©£i£fci*y Y<D7u hlVUZ'&ritz 
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gjgcDNA £ft (gg) pGEM-LQg) pGEM-P/C(ug) pGEM-NP(ug) j*j E%fi3 (If) Jgjga HA'J PFU 

in vitro(-)RNA 10 4 2 4 40 l.OOE+06 512 2X10 9 

in vitro(-)RNA 10 4 2 4 40 l.OOE+06 512 m 

in vitro(+)RNA 10 4 2 4 40 l.OOE+06 2 5X10 3 

in viiro(+)RNA 10 4 2 4 40 1 .OOE+06 <2 ND 



(i) *#3te^ (Hiv-i gpi20ite^) &wx2ntz-t>yj jw<* 9 

- r p SeVgpl20j (DMM 

7 7 (5' -TGCGGCCGCCGTACGGTGGCAATGAGTGAAGGAGAAGT-3' ) (K*J«- 

: 1) RU??* T-d (5'-TTGCGGCCGCGATGAACTTTCACCCTAAGTTTTTVTTACTACGGC 
GTACGTCATCTTTTTTCTCTCTGC-3' ) (ffifllM : 2) r p Nl432j ±©HIV-1 

g P 1205Ifc^£»l$fcPCRi£tc*!)it^b;feo TA* >^£*tV\ NotlT'ig 
fcU cn^Notl-etSflsLfe r p SeV18 + j CJfALfco &l^T% dtlfcE.ColifcJfc 
E.Coli0&rjn^-0DNA£ TMiniprepj ST'ttiBU DraIII?mb&* 
^Str$nfeDNA©9^ifAt«t»)SS^^n5^:§^©DNA»TM-^ 

*<b-fe*>^A*ft^3iBa^tJ:0, DNA*»»Ufco enfeoff 
fcftfc* gpl2O0*fA3ixfcpSeV18 + & r p s e Vgpl20j tfotZo 
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(2) pSeVgpl20££J#-f3-fe>*y -WAX (SeVgpl20) 0DfS«fi)c&tfgpl20© 

LLCMK2»KlpGEM NP, P.LOffefc, £ fcfcpSeVgpl20*#ALfcW*Mi, gffift 
2fcHttO*JS^ **M®lJt4JRJftftE|«U HABCD*«avgpi20|6«O 
(EL ISA) fcfrofco HAU©«iJ^(i x gffift 2 ^TOcD^iStrfrofeo 

fc96->x;uri,-h{clOO//l©|{#4^»U 37 e CT60#£f&£^£ o PBST*ffi# 
100//l©HRP^}nHIV-l^i*:^^nb, 37XT*60#£/fc£tffc o cnfcPBST- 

ztc ntbtitz*?>o\,*m\±. w-mmizm&z^ mmvtitmziritzo cv 

PBS(-)T-^U ?^£Smo?^;i,;*fc£i3iij!)nu ^&T-ira&&2-t*fc 
o ■W^*&£f£TPBS(-)T-ft#U plainMEM^ife (MEMigife(zm^SAraC,Ri 
f#tfh V7-^>£8sSnL*:*)©) £»LT, 37°CT-48B$p e a£fE;£-|*f Co 
> *3%£[5]1KU HAU©«iJ£ (^»J2i:^0^^) £Vgpl208SI©fcI* (EL 
ISA) fcffofco :c^^4^l:^t. CV-itto^#±m^SJS^ 
W89IJ£&«U cniZi ^flfe^^^^^CHAUOSiJ^^S^gp^O^©^ 
a* (EL ISA) 1£$k*ik4te\Zm?o 
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©±ril£TCA (10X(v/vK 7X±T*15^) £fcti:-?:70Xx* (-20'C) fMt 

, 15,000rpmT*15#iS^U tfcfcLfcSaRfc ^OS-PAGE Sample bufferj (fg- 

<b^) hiii^L90 e c^3#&/fo£-fe!\ lox^^ u;!/^^ K^;i/±-esDS-^';r^ y 

Ky;U«»»l6 (SDS-PAGE) Zft^tzo ifcMl&s SeHSPVDFJK (St—ft 

^) £teJ?u ^d±- ^^^sM-ciiRFiHfijte^-e-fco t-tb 

J/imlgG (7> x^i* ££&T'lB3ll3EJfo£-t*\ T-TBST'ffi^Lfco 
HRPIg^rDx'f >A (7^>*A*i) *2i&-Cll$IS£Jfc£-e\ T-TBST- 
fo&Vtzo CW:4-^DD-l-t7h-;i/ (4CNPlus) (SS—fb*) £«U gp 

i20*«aiufe« c©^, ^ffi*nsgpi20©^a©Mt^>H^m$n 

£ e>(3, CV-l«flS'N©SeVgpl20©^^©^P^i:HAU©fISy f gpl20©%^Si: 
©HffiSIWrUfc. 10ciD7 , U-Ml5xl0 6 ,«^^5«tolcCV-lW^^&. j£% 
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s mm<D%mt&mtm&LT, umm^ gpizo&motm (elisa) 

N -b>y>T ^^;i/X©HAtiterOtgjD(c^oTgpl20^fi^Jgj!jDT5^fS]*^U 
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c:n^NotiT-^bbfepSeVi8 + (z}fAU ^7 17- tfjife^^fA^n 
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TGCGGCCGCC GTACGGTGGC AATGAGTGAA GGAGAAGT j 
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TTGCGGCCGC GATGAACTTT CACCCTAAGT TTTTVTTACT ACGGCGTACG TCATCTTTTT 60 
TCTCTCTGC 69 
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AAGCGGCCGC CAAAGTTCAC GATGGAAGAC 30 



iE?'J#^ : 4 
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RNAcDcRNA^^trRNAe 
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cDNA^^tfDNA, (c)ttDKASBffli: UT6Ci«rt*fcttBBrtTB*©«B4 Sfc 
tt5fc!Btt©RNA*fi^L-5SJ.-y h© 3 he 

10. 4 )\,zm?S£%, P/CaS»i3J:VLaeil*«a-rS!&it; 
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Specification 

Recombinant Sendai Virus 

5 Field of the Invention 

The present invention relates to the recombinant Sendai virus 
and the method for preparing the same. 

Background of the Invention 

10 Sendai virus is also named hemagglutinating virus of Japan (HVJ) , 

and classified in parainfluenza virus type I, belonging to the genus 
Paramyxovirus of the family Paramyxoviridae . 

Sendai virus particle is pleomorphic, having the genome RNA 
without a function as template for translation (hereafter designated 

15 "negative strand RNA" ) enclosed in an envelope of 150-200 nmindiameter . 
Historically, Sendai virus has also been regarded as an industrially 
useful virus, being widely utilized, especially for the production 
of heterokaryons and hybrid cells, by taking advantage of viral 
cell- fusion capacity. Also, cell-f using liposomes have been developed 

20 as a vehicle for gene therapy. Furthermore, Sendai virus is also 
used as the inducer for various interferons . 

According to the classification based on the karyotype of genome 
nucleic acid, Sendai virus belongs to a group of negative single-strand 
RNA viruses of negative strand RNA viruses among RNA viruses. RNA 

25 viruses are classified into three groups, the dsRNA viruses (double 
stranded RNA viruses), positive strand RNA viruses, and negative 
strand RNA viruses . The ds RNA virus group includes reovirus, rotavirus, 
phytoreovirus, etc., and have segmented, plural filamentous dsRNA 
genome. Positive strand RNA viruses include poliovirus, Sindbis 

30 virus, Semliki forest virus, and Japanese B encephalitis virus, which 
possess a single positive sense RNA as genome. The genome RNA can 
function as an mRNA and is capable of producing proteins required 
for RNA replication and particle formation depending on the 
translational functions of host cells. In other words, the genome 

35 RNA itself of positive strand RNA viruses is capable of disseminating. 
In the present specification, by "disseminative capability" is meant 
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"the capability to form infectious particles or their equivalent 
complexes and successively disseminate them to other cells following 
the transfer of nucleic acid into host cells by infection or artificial 
techniques and the intracellular replication of said nucleic acid. 
5 Sindbis virus classified to positive strand RNA viruses and Sendai 
virus classified to negative strand RNA viruses have both infectivity 
and disseminative capability. On the other hand, adeno-associated 
virus classified to the parvovirus family has the infectivity but 
no disseminative capability (the mixed infection of adenovirus is 

10 necessary for the formation of viral particles) . Furthermore, the 
positive strand RNA derived from Sindbis virus which is artificially 
transcribed in vitro is disseminative (to form infectious viral 
particles when transfected into cells) . In contrast, not only negative 
strand but also positive strand of Sendai viral RNA artificially 

15 transcribed in vitro is not disseminative (form no infectious viral 
particles when transfected into cells) . 

Recently, viral vectors have been used as vehicles for gene 
therapy. In order to use them as gene therapy vectors, it is necessary 
to establish techniques for reconstituting viral particles. (By 

20 "reconstitution of viral particles" is meant the artificial formation 
of viral genome nucleic acid and the production of original or recombinant 
viruses in vitro or intracellularly . ) This is because, in order 
to transfer foreign genes into viral vectors, viral particles should 
be reconstituted from the viral genome with foreign genes integrated 

25 by the gene manipulation. Once techniques of viral reconstitution 
are established, it becomes possible to produce viruses with a desired 
foreign gene introduced, or with desired genes deleted or inactivated. 

Also, once the viral reconstitution system is constructed and 
the viral gene manipulation becomes possible, said system appears 

30 to become a potential tool for genetically analyzing the viral function. 
Genetic analysis of viral functions is very important from the medical 
viewpoint of prevention and therapy of diseases etc. For example, 
if the replication mechanism of viral nucleic acid is elucidated 
by utilizing the differences between viral metabolism and host-cellular 

35 metabolism, it may be possible to develop viricide acting on the 
viral nucleic replication process and less damaging to host cells. 
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Also, by elucidating functions of viral gene-encoded proteins, it 
may become possible to develop antiviral drugs targeting proteins 
related with the viral inf ectivity and particle formation. Furthermore, 
by modifying genes concerned with the membrane fusion and preparing 
5 liposomes with superior membrane-fusing capability, it will be able 
to use them as gene therapy vectors. In addition, as represented 
by the interferon, the viral infection may induce the activation 
of host genes for viral resistance, resulting in the enhanced viral 
resistance of hosts. Genetic analysis of virus functions may provide 

10 more important information on the activation of host genes. 

Reconstitution of DNA viruses possessing DNA as the genomic 
nucleic acid has been performed for some time, and can be carried 
out by the introduction of the purified genome itself, such as SV40, 
into monkey cells [J. Exp. Cell Res., 43, 415-425 (1983)]. 

15 Reconstitution of RNA viruses containing an RNA genome has been 

preceded by positive strand RNA viruses since genomic RNAs also function 
as mRNA. For example, in the case of poliovirus, the disseminative 
capability of the purified genomic RNA itself was already demonstrated 
in 1959 [Journal of Experimental Medicine, 110, 65-89 (1959)]. Then, 

20 it was achieved to reconstitute Semliki forest virus (SFV) by the 
introduction of cloned cDNAs into host cells utilizing DNA-dependent 
RNApolymerase activity of host cells [Journal of Virology, 65, 4107-4113 
(1991) ] . 

Furthermore, using these viral reconstitution techniques, gene 
25 therapy vectors have been developed [Bio/Technology, 11, 916-920 

(1993) ; Nucleic Acids Research, 23, 1495-1501 (1995); Human Gene 
Therapy, 6, 1161-1167 (1995); Methods in Cell Biology, 43, 43-53 

(1994) ; Methods in Cell Biology, 43, 55-78 (1994)]. 

However, as described above, in spite of many advantages of 
30 Sendai virus to be industrially useful virus, its reconstitution 
system has not been established, because it is a negative-strand 
RNA. This is due to tremendous difficulty in reconstituting viral 
particles via viral cloned cDNAs . 

As described above, it has been clearly demonstrated that a 
35 mere introduction of RNA from negative-strand RNA virus (vRNA) or 
its complementary strand RNA (cRNA) into host cells does not support 
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the generation of negative-strand RNA virus. This is absolutely 
different from the case of positive strand RNA viruses. Although, 
in Tokkai H4-211377, "methods for preparing cDNAs corresponding to 
negative strand RNA viral genome and infectious negative strand RNA 
5 virus" are disclosed, the entire experiments of saiddocuments described 
in "EMBO . J., 9, 379-384 (1990) were later found to be not reproducible, 
so that the authors themselves had to withdraw all the article contents 
[see EMBO J. , 10, 3558 (1991) ] . Therefore, it is obvious that techniques 
described in Tokkai H4-211377 do not correspond to the related art 

10 of the present invention. 

Reconstitution systems of negative strand RNA viruses were 
reported for influenza virus [Annu. Rev. Microbiol., 47, 765-790 
(1993); Curr. Opin. Genet . Dev., 2, 77-81 (1992)]. Influenza virus 
is a negative strand RNA virus having an eight-segmented genome. 

15 According to these literatures, a foreign gene was first inserted 
into the cDNA of one of said genome segments, and then RNA transcribed 
from the cDNA of all eight segments containing the foreign gene was 
assembled with the virus-derived NP protein to form RNP. Then, the 
virus reconstitution was achieved by providing host cells with these 

20 RNPs and an RNA-dependent RNA polymerase. Thereafter, the 
reconstitution of negative single-stranded RNA virus from cDNA was 
reported for rabies virus belonging to the rhabdovirus family [J. 
Virol., 68, 713-719 (1994)]. 

Therefore, although techniques f or reconstitutingnegative strand 

25 viruses have become fundamentally known to the public, in the case 
of Sendai virus, the direct application of these techniques did not 
support the viral reconstitution. Also, the reconstitution of viral 
particles reported on the rhabdovirus was confirmed only by the 
expression of marker genes, RT-PCR, etc. Furthermore, the yield 

30 was not satisfactory for practical applications. Besides, in order 
to provide factors required for the viral reconstitution within host 
cells, helper viruses such as wild type viruses, recombinant vaccinia 
virus, etc. were conventionally introduced to host cells together 
with nucleic acids of the virus to be reconstituted. Accordingly, 

35 difficulties in separating the reconstituted desired virus from these 
harmful viruses were posing a difficult problem. 
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Disclosure of the Invention 

The purpose of the present invention is to establish an efficient 
system for reconstituting Sendai virus, enabling the gene manipulation 
5 of Sendai virus, and providing Sendai viral vector sufficiently useful 
in the field of gene therapy, etc. 

In order to apply to the reconstitution test of Sendai virus, 
the present inventors first made various investigations using cDNAs 
derived from Sendai viral DI particles [ref . defective interfering 

10 particle in EMBO J. , 10, 3079-3085 (1991)] or the minigenome of Sendai 
virus. As a result, they found efficient conditions regarding weight 
ratios among materials to be introduced into host cells, including 
cDNA, cDNAs concerning the transcription and replication, and the 
recombinant vaccinia virus to provide the T7RNA polymerase expression 

15 unit. Furthermore, the present inventors obtained full-length cDNAs 
of both positive and negative strands, constructed plasmids to induce 
the intracellular biosynthesis of positive or negative strand RNA 
of Sendai virus, and transferred saidplasmid intohost cells expressing 
cDNAs concerning the transcription and replication. As a result, 

20 they succeeded in re-constituting Sendai virus particles from cDNAs 
thereof. The present inventors also found for the first time that 
cDNAs introduced into host cells are more preferable in the circular 
form than in the linear form for the efficient reconstitution of 
viral particles, and that positive strand RNAs are superior to negative 

25 strand RNAs in the intracellular transcription for the highly successful 
reconstitution of viral particles. 

In addition, the present inventors found that Sendai virus could 
be reconstituted even without using recombinant vaccinia virus as 
the T7RNA polymerase expression unit. That is, when the full-length 

30 RNA of Sendai virus transcribed in vitro was transferred into cells, 
andcDNAs encoding enzymes for the initial transcription and replication 
were transcribed under the control of T7 promoter, viral particles 
were reconstituted. This indicates that, if cells which express 
all enzymes required for the initial transcription and replication 

35 are constituted, the recombinant Sendai virus can be produced entirely 
without using helper viruses such as vaccinia virus. Since cells 
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expressing all enzymes required for the initial transcription and 
replication were already described [J. Virology, 68, 8413-8417 (1994) ] , 
those skilled in the art will be able to form such cells with reference 
to said article. The cell described in said reference is the one 
5 derived from the 2 93 cell line carrying three out of Sendai viral 
genes, namely NP, P/C and L on its chromosome, and expressing proteins 
encoded by these three genes, NP, P/C and L. 

From numerous examples of viral vectors, if viral particles 
can be efficiently reconstructed from nucleic acids, it is obvious 

10 that those skilled in the art are able to readily exchange desired 
viral gene, insert a foreign gene, or inactivate or delete a desired 
viral gene. That is, it will be obvious to those skilled in the 
art that the first success in reconstituting Sendai viral particles 
by the present invention has enabled the gene manipulation of Sendai 

15 virus. 

That is, the present invention comprises the followings. 
1. A recombinant Sendai virus having the genome with a desired 
foreign gene inserted or a desired gene deleted or inactivated, and 
retaining the disseminative capability. 
20 2. The recombinant Sendai virus of description 1, wherein more 

than one gene encoding functional proteins are modified. 

3. The recombinant Sendai virus of descriptions 1 or 2 comprising 
a foreign gene which can be expressed in host cells. 

4. An RNA molecule comprising RNAs contained in the recombinant 
25 Sendai viruses of any one of descriptions 1-3. 

5. An RNA molecule comprising cRNAs of RNAs contained in the 
recombinant Sendai viruses of any one of descriptions 1- 3. 

6. A kit consisting of the following two components. 

a . a DNA molecule comprising a template cDNA which can transcribe 
30 RNAs of descriptions 4 or 5, and 

b. a unit capable of transcribing RNAs of descriptions 4 or 
5 with said DNA as template in vitro or intracellular. 

7. A kit consisting of the following two components. 

a. a host expressing the NP, P/C and L proteins of Sendai 
35 virus (each protein may be replaced with a protein having an equivalent 
activity) , and 
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b. an RNA molecule of descriptions 4 or 5 . 

8. A method for producing the recombinant Sendai virus of 
descriptions 1-3, comprising introducing the RNA molecule of 
descriptions 4 or 5 into host cells expressing the NP, P/C and L 

5 proteins of Sendai virus (each protein may be replaced by a protein 
having the equivalent activity) . 

9. A kit consisting of the following three components, 

a. a host expressing the NP, P/C and L proteins of Sendai 

virus, 

10 b. a DNA molecule comprising a template cDNA capable of 

transcribing RNAs or cRNAs of descriptions 4 or 5, and 

c. a unit capable of transcribing RNAs of descriptions 4 or 
5 with said DNA as template in vitro or intracellularly. 

10. A method for producing the recombinant Sendai virus of 
15 descriptions 1-3, comprising introducing the DNA molecule comprising 

a template cDNA capable of transcribing RNAs of descriptions 4 or 
5, and a unit capable of transcribing RNAs of descriptions 4 or 5 
with said DNA as template in vitro or intracellularly into hosts 
expressing the NP, P/C and L proteins of Sendai virus. 
20 11. A method for preparing foreign proteins comprising a process 

for infecting hosts with the recombinant Sendai virus of description 
3, and recovering expressed foreign proteins. 

12. A culture medium or chorio-allantoic fluid containing 
expressed foreign proteins obtainable by introducing the recombinant 

25 Sendai virus of description 3 into hosts and recovering said culture 
medium or chorio-allantoic fluid. 

13. A DNA molecule realizing the expression of a protein encoded 
by a foreign gene integrated into a Sendai viral vector comprising 
said foreign gene inserted downstream of a promoter in an orientation 

30 for transcribing antisense RNA encoding said protein, and the said 
promoter . 

Recombinant Sendai viral vectors of the present invention can 
be obtained, for example, by in vitro transcribing the recombinant 
cDNA encoding the gene-technologically produced recombinant Sendai 
35 viral vector genome, producing the recombinant Sendai viral genome 
RNA, and introducing said RNA to a host simultaneously expressing 
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the NP, P/C and L proteins (each protein may be a protein with an 
equivalent activity) of Sendai virus. Alternatively, Sendai viral 
vectors of the present invention can be obtained by introducing 

a) the recombinant cDNA coding for the gene-technologically produced 
5 recombinant Sendai viral vector genome, and 

b) a unit capable of intracellularly transcribing RNA with said DNA 
as template 

into a host simultaneously expressing the NP, P/C and L proteins 
(each protein may be a protein having an equivalent activity) of 

10 Sendai virus. In this case, said recombinant cDNA a) may be inserted 
downstream of a specific promoter, and said transcription unit b) 
may be a DNA molecule expressing a DNA-dependent RNA polymerase acting 
on said specific promoter. 

Sendai virus, the starting material in the present invention 

15 for the insertion of a desired foreign gene, or the deletion or 
inactivation of a desired gene may be a strain clas si fied to parainfluenza 
virus type I, exemplified by Sendai virus Z strain or Fushimi strain. 

Furthermore, incomplete viruses such as DI particles, synthetic 
oligonucleotides, etc. may be used partial materials. 

20 Also, so far as the recombinant Sendai virus of the present 

invention maintain the disseminative capability, any foreign gene 
may be inserted at any site of RNA comprised in said recombinant, 
and any genome gene may be deleted or modified. Foreign genes to 
be inserted may be exemplified by genes encoding various cytokines 

25 and peptide hormones which can be expressed within hosts. In order 
to express the desired protein, the foreign gene encoding said desired 
protein is inserted. In the Sendai viral RNA, it is preferable to 
insert a sequence of bases of 6 multiplication in number between 
thesequencesRl ( 5 1 -AGGGTCAAAGT-3 1 ) andR2 (5 ' -GTAAGAAAAA-3 ' ) [Journal 

30 of Virology, Vol. 67, No. 8 (1993) p. 4822-4830] . Levels of expression 
of a foreign gene inserted into a vector can be regulated by virtue 
of the site of gene insertion and the base sequences flanking said 
foreign gene. For example, in the case of Sendai viral RNA, it is 
known that there are increasing levels of expression of the inserted 

35 gene with decreasing distance of said gene from the NP gene. Preferred 
hosts for expressing desired proteins may be any cells susceptible 
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to the infection by the recombinant Sendai virus, exemplified by 
mammalian cells and chicken eggs. It is possible to efficiently 
produce the foreign gene product by infecting these hosts with the 
recombinant Sendai virus integrated with expressible foreign gene 
5 and recovering the expressed foreign gene product. For example, 
proteins thus expressed can be recovered by the standard method from 
the culturemediumwhenculturedcells are the host, andchorio-allantoic 
fluid when chicken eggs are the host. 

When a foreign gene is inserted into a plasmid for expressing 

10 the negative strand Sendai viral RNA, it is necessary to insert said 
foreign gene downstream of the promoter in an orientation for 
transcribing an antisense RNA of said foreign gene encoding a protein. 
Such "a DNA molecule for expressing a protein encoded by a foreign 
gene integrated into a Sendai viral vector comprising the foreign 

15 gene inserted downstream of the promoter in an antisense orientation 
for transcribing antisense RNA of said foreign gene encoding said 
protein and said promoter" has become available for the first time 
by the present invention, comprising a part of said invention. 

Also, for example, in order to inactivate genes for immunogenicity, 

20 or enhance the efficiency of RNA transcription and replication, part 
of genes related with RNA replication of Sendai virus may be modified. 
Concretely, for example, at least one of the replication factors, 
the NP, P/C and L proteins may be modified to enhance or reduce 
the transcription and replication capabilities. The HN protein, 

25 one of the constitutionalproteins, has dual activities as hemagglutinin 
and neuraminidase . For example, the reduction of the former activity 
may increase the viral stability in blood stream, and the modification 
of the latter activity may enable the regulation of viral infectivity. 
Also, the modification of the F protein mediating membrane fusion 

30 may be useful for improving membrane fusion liposomes constructed 
by fusing the reconstituted Sendai virus and artificial liposomes 
enclosing a desired drug or gene. 

The present invention has enabled the introduction of point 
mutation and insertion at any sites of the genomic RNA, and is highly 

35 expected to accelerate the accumulation of genetic information on 
viral functions. For example, once the mechanism of viral RNA 
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replication is elucidated, it may become possible to develop a viricide 
less harmful to a host cell and targeting nucleic acid replication 
process by utilizing the differences between the viral and host-cellular 
metabolisms of nucleic acid . In addition, the elucidation of functions 
5 of viral gene-encoded proteins may contribute to the development 
of viricides targeting proteins involved in infectivity and forming 
capability of viral particles. Concretely, for example, these 
techniques may be used for the analysis of antigen-presenting epitopes 
of the F and HN proteins which may act as antigenic molecules on 

10 the cell surface. Also, when a host cell gene for viral resistance 
is activated by viral infection, resulting in an elevated viral 
resistance, important information on such activation mechanism of 
host gene may be obtained by the genetic analysis of viral functions. 
Since Sendai virus is effective in inducing interferons, it is used 

15 in various basic studies. By analyzing the genome region necessary 
for inducing interferons, it may be possible to produce a non-viral 
interferon inducer. Techniques of the present invention are useful 
for the development of vaccines. Live vaccines may be produced by 
inoculating the recombinant Sendai virus with attenuating mutations 

20 to embryonated chicken eggs . Information thus obtained may be applied 
to other negative strand viruses, such as measles virus and mumps 
virus, with high demand for live vaccines. Furthermore, the present 
invention has enabled the usage of the recombinant Sendai virus as 
vectors for gene therapy. Since virus vectors of the present invention 

25 derived from Sendai virus are highly safe in the clinical application 
and disseminative, and expected to be therapeutically effective with 
a relatively small dosage. In addition, when the suppression of 
a viral vector replication becomes necessary at the completion of 
therapy or during the therapy, only the viral vector replication 

30 can be specifically suppressed without damaging hosts by administering 
an inhibitor of RNA-dependent RNA polymerase. 

Brief Description of the Drawings 

Figure 1 is a schematic representation of plasmid 
35 pUC18/T7 (+)HVJRz.DNA. 

Figure 2 is a schematic representation of plasmid 



11 



pUC18/T7 (-) HVJRz. DNA. 

Figure 3 is a graphic representation of the relationship between 
the postinfection time of CV-1 cells with SeVgpl20 and HAU as well 
as the level of gpl20 expression. 

5 

Best Mode for Carrying out the Invention 

In the following, the present invention will be concretely 
described with reference to examples, but is not limited to these 
examples . 

10 

[Example 1] Preparation of Sendai virus transcription units 
pUC18/T7 (-)HVJRz.DNA and pUC18/T7 (+) HVJRz . DNA 

Plasmid pUC18/T7 (-) HVJRz .DNA was constructed by inserting a 
DNA molecule comprising T7 RNA polymerase promoter, Sendai virus 

15 cDNA designed to be transcribed to the negative strand RNA and the 
ribozyme gene in this order into pUC18 vector. Also, plasmid 
pUC18/T7 (+) HVJRz. DNA was constructed by inserting a DNA molecule 
comprising T7 RNA polymerase promoter, Sendai virus cDNA designed 
to be transcribed to the positive strand RNA and the ribozyme gene 

2 0 in this order into pUCl 8 vector . Constructions of pUC18/T7 (-) HVJRz . DNA 
and pUC18/T7 (+) HVJRz. DNA are shown in Figs. 1 and 2, respectively. 

[Example 2] Reconstitution experiment of Sendai virus from cDNA 
LLC-MK2 cells (2 x 10 6 ) trypsinized in a usual manner were placed 

25 in a 60-mm diameter plastic dish, and incubated in MEM medium (MEM 
supplemented with 10% FBS) (2 ml) in a 5% C0 2 atmosphere at 37 °C 
for 24 h. After removing the medium and washing with PBS (1 ml), 
a suspension of recombinant vaccinia virus vTF7-3 expressing T7 
polymerase in PBS (0.1 ml) was added to the cells at the multiplicity 

30 of infection (moi) of 2. The dish was gently agitated every 15 min 
to thoroughly spread the viral solution for 1 h infection. After 
removing the viral solution and washing with PBS (1 ml), a medium 
containing cDNA, which was prepared as follows, was added to the 
dish . 

35 Nucleic acids shown in Tables 1 and 2 (containing plasmids 

expressing factors required for the replication of Sendai virus, 
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pGEM-L, pGEM-P/C and pGEM-NP) were placed in a 1.5-ml sampling tube, 
and adjusted to a total volume of 0.1 ml with HBS (Hepes buffered 
saline; 20 mM Hepes pH 7.4 containing 150 mM NaCl) . In those tables, 
(-) and (+)cDNAs represent plasmids pUC18/T7 (-) HVJRz . DNA and 
5 pUC18/T7 (+) HVJRz. DNA, respectively, and /C and /L indicate that cDNA 
is introduced into cells in the circular form and linear form after 
the treatment with restriction enzyme Mlul, respectively. 

On the other hand, in a polystyrene tube were placed HBS (0.07 
ml), DOTAP (Boehringer Mannheim) (0.03 ml) . To this tube was added 

10 the nucleic acid solution described above, and the mixture was left 
standing as such for 10 min. Then, to this mixture was added the 
cell culture medium described above (2 ml, MEM supplemented with 
10% FBS) followed by the vaccinia virus inhibitors, rifampicin and 
cytosine arabinoside C (C/Ara/C) , to the final concentrations of 

15 0.1 mg/ml and 0.04 mg/ml, respectively, resulting in the preparation 
of the medium containing cDNA described above. 

The dish described above was incubated in a 5% C0 2 atmosphere 
at 37 °C for 40 h. The cells in the dish were harvested using a rubber 
policeman, transferred to an Eppendorf tube, sedimentedby centrif uging 

20 at 6, 000 rpm for 5 min, and re-suspended in PBS (1 ml). Aliquots 
of this cell suspension, as such or after diluted, were inoculated 
to 10-days old developing embryonated chicken eggs. That is, the 
cell suspension was diluted with PBS to the cell numbers shown in 
Table 1, and eggs inoculated with its 0.5-ml aliquots were incubated 

25 at 35°C for 72 h, then at 4°C overnight. Chorio-allantoic fluid 
was recovered as virus solution from these eggs using a syringe with 
a needle. 

Hemagglutinin unit (HAU) and plaque forming unit (PFU) of the 
recovered virus solution were assayed as follows. 

30 HAU was determined as follows. Chicken blood was centrifuged 

at 400 x g for 10 min and the supernatant was discarded. Precipitates 
thus obtained were suspended in 100 volumes of PBS, and centrifuged 
at 400 x g for 10 min to discard the supernatant. This procedure 
was repeated twice to prepare an 0.1% blood cell solution. Two-fold 

35 serial dilutions of virus solutions were prepared, and 0.05 ml each 
dilution to be assayed was dispensed into each well of 96-well titer 
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plate. The blood cell solution (0.05 ml each) was further added 
to each well, gently swirled to ensure a thorough mixing, and left 
at 4°C for 40 min. The highest virus dilution to cause the 
hemagglutination observable with the naked eye was taken as HAU . 

PFU was assayed as follows . CV-1 cells were grown to a monolayer 
on a 6-well culture plate. After the culture medium was discarded, 
a virus solution 10-fold serially diluted (0.1 ml each) was dispensed 
into each well of the culture plate to infect the cells at 37 °C for 
1 h. During the infection, a mixture of 2 x MEM free of serum and 
melted 2% agar (55°C) was prepared, and trypsin was added to the 
mixture to a final concentration of 0.0075 mg/ml. After 1 h infection 
and removal of the virus solution, the culture medium mixed with 
agar (3 ml each) was added to each well of the culture plate, and 
incubated under a 5% CO2 atmosphere at 37 °C for 3 days. Phenol red 
(0.1%) (0.2 ml) was added to each well, incubated at 37 °C for 3 h, 
and then removed. Unstained plaques were counted to estimate the 
virus titer as PFU /ml. 

Table 1 shows Sendai virus template cDNAs transfected into LLC-2 
cells, amounts of cDNA factors, pGEM-L, pGEM-P/C, andpGEM-NP, required 
for the RNA replication, incubation time, cell numbers inoculated 
to chicken eggs, HAU and PFU values. 
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Table 1 



Template 


Total 


pGEM 


pGEM 


pGEM 


Incubation 


Amount 


HAU 


PFU 


cDNA 


amount 


-L 


-P/C 


-NP 


time (h) 


of cells 












(ng) 












( + )CDNA/C 


10 


4 


2 


4 


40 


1.00x10 s 


512 


2xl0 9 


(+)CDNA/C 


10 


4 


2 


4 


40 


l.OOxlO 5 


256 


9xl0 8 


(+)CDNA/C 


10 


4 


2 


4 


40 


l.OOxlO 6 


256 


9xl0 8 


(+)CDNA/L 


10 


4 


2 


4 


40 


1.00x10 s 


<2 


<10 


(+)cDNA/L 


10 


4 


2 . 


4 


40 


1.00x10 s 


<2 


<10 


{+)CDNA/L 


10 


4 


2 


4 


40 


l.OOxlO 6 


<2 


<10 


(-) CDNA/L 


10 


4 


2 


4 


40 


l.OOxlO 4 


<2 


<10 


(-) cDNA/L 


10 


4 


2 


4 


40 


l.OOxlO 5 


<2 


<10 


(- ) cDNA/L 


10 


4 


2 


4 


40 


l.OOxlO 6 


<2 


<10 


(-)cDNA/C 


10 


4 


2 


4 


40 


l.OOxlO 4 


<2 


<10 


(-}cDNA/C 


10 


4 


2 


4 


40 


l.OOxlO 5 


<2 


<10 


(-)CDNA/C 


10 


4 


2 


4 


40 


l.OOxlO 6 


4 


8xl0 3 



Samples showing both HAU and PFU were sedimented by 
ultra-centrifugation, re-suspended, purified by a sucrose density 
5 gradient centrif ugation from 20% to 60%, and fractionated by 12.5% 
SDS-PAGE. Each protein contained in these samples was the same in 
size as that of Sendai virus. 

These results demonstrated that Sendai virus can be reconstituted 
by introducing cDNAs into cells, and that virus particles are more 
10 efficiently reconstituted by introducing cDNAs transcribing positive 
strand RNAs as compared with those transcribing negative strand RNAs , 
and further by introducing cDNAs in the circular form rather in the 
linear form. 

15 [Example 3] Survey of RNA replication factors required for Sendai 
virus re constitution 

Experiments were performed to examine whether all three plasmids 
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expressing the L, P/C and NP proteins were required f or thereconstitution 
of Sendai virus . Experimental methods were similar to those described 
in Example 2 except that any combinations of two out of pGEM-L, pGEM-P/C 
and pGEM-NP plasmids or only one out of them, instead of all these 
three combined as in Example 2 , were introduced together with a template 
cDNA into cells. 

Table 2 shows Sendai virus template cDNAs introduced into LLC-MK2 
cells, amounts of the cDNA factors required for RNA replication including 
pGEM-L, pGEM-P/C and pGEM-NP, incubation time, number of cells 
inoculated into chicken eggs, and values of HAU and PFU. 



Table 2 



Template 


Total 

amount 

(ng) 


pGEM 


pGEM 
— P /c 


pGEM 

— KIP 


Incubation 
time 
(h) 


Number of 
eel Is 

inoculated 


HAU 


PFU 


(+)CDNA/C 


10 


4 


2 


4 


40 


1.00x10 s 


256 


6xl0 8 


[ + } CDNA/C 


1U 


A 

4 


z 






1 . UUX1U 


CIO 


4X1U 


( + )CDNA/C 


10 


0 


2 


4 


40 


1.00x10 s 


<2 


<10 


{ + )CDNA/C 


10 


0 


2 


4 


40 


l.OOxlO 6 


<2 


<10 


( + )CDNA/C 


10 


4 


0 


4 


40 


l.OOxlO 6 


<2 


<10 


(+)cDNA/C 


10 


4 


0 


4 


40 


l.OOxlO 6 


<2 


<10 


{+)CDNA/C 


10 


4 


2 


0 


40 


1.00x10 s 


<2 


<10 


(+)CDNA/C 


10 


4 


2 


0 


40 


l.OOxlO 6 


<2 


<10 


{+)CDNA/C 


10 


0 


0 


4 


40 


l.OOxlO 6 


<2 


<10 


(+)cDNA 


10 


0 


0 


4 


40 


l.OOxlO 6 


<2 


<10 


(+)cDNA/C 


10 


0 


2 


0 


40 


l.OOxlO 6 


<2 


<10 


(+)cDNA/c 


10 


0 


2 


0 


40 


l.OOxlO 6 


<2 


<10 


(+)CDNA/C 


10 


4 


0 


0 


40 


l.OOxlO 6 


<2 


<10 


(+)cDNA/C 


10 


4 


0 


0 


40 


l.OOxlO 6 


<2 


<10 


As 


shown in 


Table 


2, no 


virus 


reconstitution was 


observed by 
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introducing any combinations of two out of these three factors into 
cells, confirming the necessity of all three proteins L, P/C and 
NP for the virus reconstitution. 

5 [Example 4] Reconstitution experiment of Sendai virus in vitro from 
transcribed RNAs 

Since the reconstitution of Sendai virus from the functional 
cDNA clones was described in Example 2, it was further examined 
whether transcription products of said cDNAs in vitro, that is, vRNA 

10 and cRNA, can support similar reconstitution. 

After the Sendai virus transcription units, pUC18/T7 (-) HVJRz . DNA 
and pUC18/T7 (+) HVJRz . DNA, were linearized with restriction enzyme 
Mlul, using these DNAs as templates, RNA synthesis was performed 
in vitro with a purified T7 polymerase preparation (EPICENTRE 

15 TECHNOLOGIES: Ampliscribe T7 Transcription Kit) . The method for 
synthesizing in vitro RNAs essentially followed the protocols provided 
with the kit. Using RNA products thus obtained in place of cDNAs 
in Example 2, similar experiments were performed, and the virus 
production was estimated by HA test. Results are shown in Table 

20 3 . 



Table 3 



Template 


Total 


pGEM-L 


pGEM-P/C 


pGEM- 


-NP Incubation 


Number of 


HAU 


PFU 


cDNA 


amount 

(ng) 


<W) 


im) 




time (h) 


cells 

inoculated 






in vitro 


10 


4 


2 


4 


40 


l.OOxlO 6 


512 


2xl0 9 


( - ) RNA 


















in vitro 


10 


4 


2 


4 


40 


l.OOxlO 6 


512 


ND 


(-)RNA 


















in vitro 


10 


4 


2 


4 


40 


1.00x10 s 


2 


5xl0 3 


( + ) RNA 


















in vitro 


10 


4 


2 


4 


40 


1.00x10 s 


<2 


ND 


{ + ) RNA 



















These results indicate that virus can be reconstituted by 
introducing either negative or positive sense strand RNAs into cells. 
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[Example 5] Expression of foreign genes inserted into Sendai viral 
vectors in host cells 

1. Preparation of Sendai virus vector lf pSeVgpl20" inserted with 
a foreign gene (HIV-1 gpl20) 
5 Using a set of primers comprising primer a 

(5 1 -TGCGGCCGCCGTACGGTGGCAATGAGTGAAGGAGAAGT-3 1 ) (SEQ ID N0:1) and 
primer d 
( 5 f -TTGCGCCCGCGATGAACTTTCACCCTAAGTTTTTTATTACTACGGCG-TACGTCATCTTT 
TTTCTCTCTGC-3 1 ) (SEQ ID N0:2), the HIV-lgpl20 gene was amplified 
10 on "pN1432" by the standard PCR techniques . PCRproducts were subjected 
to TA cloning, digested with NotI, and then inserted into the NotI 
site of "pSeV18 + ". Then, E. coli cells were transformed with this 
recombinant plasmid. DNAs were extracted from each colony of E. 
coli by the "Miniprep" method, digested with Drain, and then 
15 electrophoresed. Positive clones (designated "clone 9" hereafter) 
were selected by confirming to contain DNA fragments of the size 
expected from the insertion. After DNA fragments were confirmed 
to have the authentic nucleotide sequence, DNAs were purified by 
a cesium chloride density gradient centrifugation . pSeV18 + inserted 
20 with the gpl20 gene is designated n pSeVgpl20" hereafter. 

2 . Reconstitution of Sendai virus containingpSeVgpl20 (SeVgpl20) 
and analysis of gpl20 expression 

Except for the further transfection of pSeVgpl20 into LLCMK2 
cells, in addition to pGEM-NP, pGEM-P/C and pGEM-L, chorio-allantoic 
25 fluid was recovered from embryonated chicken eggs and assayed for 
the viral HAU by exactly as described in Example 2. The recovered 
virus was also examined for the expression of gpl20 by ELISA as follows . 

Samples (100 p.1 each) were dispensed into each well of a 96-well 
plate which had been coated with monoclonal antibody against HIV-1, 
30 and incubated at 37 °C for 60 min. After washing with PBS, HRP-linked 
anti-HIV-1 antibody (100 |il each) was added to each well, and incubated 
at 37 °C for 60 min. After washing with PBS, tetramethylbenzidine 
was added to each well, and amounts of reaction product converted 
by the action of HRP under acidic conditions were determined by following 
35 the optical density at 450 nm to estimate the expression amount 
of gpl20. Results are shown in the left-hand column in Table 4. 
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The virus solution thus obtained was inoculated to CV-1 cells, 
and similarly examined as follows. CV-1 cells were dispensed to 
a culture plate at 5 x 10 5 cells/plate, grown, and then the culture 
medium was discarded. After washing with PBS(-) , the viral solution 
5 was added to the cells at the multiplicity of infection of 10, and 
incubated at room temperature for 1 h. After the virus solution 
was discarded, washed with PBS(-), a plain MEM medium (MEM medium 
supplemented with antibiotics AraC and Rif, and trypsin) was added 
to the cells, and incubated at 37°C for 48 h. After the reaction, 

10 the medium was recovered and assayed for HAU (by a similar method 
as described in Example 2) and examined for the expression of gpl20 
(by ELISA) . Results are shown in the center column of Table 4. In 
addition, the supernatant of CV-1 cell culture medium was inoculated 
to embryonated chicken eggs again, and the virus solution thus obtained 

15 was assayed for HAU and also examined for the gpl20 expression (by 
ELISA). Results are shown in the right hand column of Table 4. 





Table4 


(ug/ml) 


Chorio-allantoic 


CV-1 medium (Fl) 


Chorio-allantoic 


fluid (Fl) 


gpl20 (HAU) 


fluid (F2) 


gpl20 (HAU) 




gpl20 (HAU) 


0.10 ( 4) 


3.46 (128) 




0.15 (32) 


1.81 (128) 


1.56, 1.21 (512, 512) 


0.05 (32) 


2.20 (128) 





As shown in Table 4, markedly high concentrations of gpl20 were 
detected in CV-1 cells in culture (center column of the Table) , and 
20 also in the chorio-allantoic fluids from embryonated chicken eggs 
inoculated again with the virus (right-hand column of the Table) . 
In the left-hand and center columns of the Table are shown the mean 
values of three clones. 

Furthermore, the expression of gpl20 was analyzed by Western 
25 blotting . After the culture medium of CV-1 cells infected with SeVgpl2 0 
was centrifuged at 2 0, 000 rpm for 1 h to sediment virus, the supernatant 
was treated with either TCA (10%, v/v) for 15 min on ice or 70% ethanol 
at -20°C, and centrifuged at 15,000 rpm for 15 min. Proteins thus 
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precipitated were mixed to react with an "SDS-PAGE sample buffer" 
(Daiichi Chemicals) at 90 °C for 3 min, and then subjected to 
electrophoresis on 10% SDS-polyacrylamide gel (SDS-PAGE) . Proteins 
thus fractionated were transferred to PVDF membranes (Daiichi 
5 Chemicals) , reacted with monoclonal antibody 902 at room temperature 
for 1 h, and then washed with T-TBS. The membranes were reacted 
with anti-mlgG (Amersham) at room temperature for 1 h, and washed 
with T-TBS. The membranes were then reacted with HRP-linked protein 
A (Amersham) at room temperature for 1 h, washed with T-TBS, and 

10 4-chloro-l-naphthol (4CNPlus) (Daiichi Chemicals) was added to detect 
gpl20. As a result, protein bands were visualized at positions 
corresponding to the expected molecular weight of gpl20. 

In addition, effects of postinfection time of CV-1 cells 
transfected with SeVgpl2 0 on the HAU value and gpl2 0 expression amount 

15 were analyzed. CV-1 cells (5 x 10 6 ) dispensed to 10-cm plate were 
infected with SeVgpl20 at the multiplicity of infection of 10, and 
the culture medium (1 ml each) was postinf ectionally recovered at 
30, 43, 53 and 70 h, mixed with an equal volume of the fresh medium, 
and subjected to HAU assay, gpl20 expression examination (by ELISA) 

20 and Western blotting. Results are shown in Figure 4. As clearly 
shown in Fig. 3, the production of gpl20 tends to increase with the 
increasing HA titer of Sendai virus. 

[Example 6] Analyses of SeVgpl20 propagation and gp!20 expression 
25 level in various types of cells 

Using similar methods as those in Example 5 except for the use 
of various types of cells, HAU and gpl20 expression levels (by ELISA) 
were assayed. Results are shown in Table 5. 
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Table 5 



Cell type 


Time (postinfection) 


HAU 


rgpl20 {jig /ml) 


CV-1 


96 


32 


2.5 


LLCMK2 


48 


16 


0.5 


CHO 


55 


4 


0.46 


NIH3T3 


48 


4 


0.25 


MT4 


24 


16 


0.8 


MOLT 4/ 


24 


16 


1.2 



In the left-hand column of the Table are shown the postinf ectional 
times of various types of cells transfected with SeVgpl20. As a 
5 result, SeVgpl20 propagation and gpl20 expression were detected in 
all types of cells tested. 

[Example 7] Studies on the expression of luciferase gene inserted 
into the Sendai viral vector in host cells 

10 In order to isolate the luciferase gene for inserting to vectors, 

the luciferase gene bounded by the engineered NotI sites on both 
termini was constructed by the standard PCR using a set of primers 
[5 1 -AAGCGGCCGCCAAAGTTCACGATGGAAGAC-3 1 ] (30mer) (SEQ ID NO: 3)] and 
[5 1 -TGCGGCCGCGATGAACTTTCACCC-TAAGTTTTTCTTACTACGGATTATTACAATTTGGA 

15 CTTTCCGCCC-3 1 (69mer) (SEQ ID NO: 4) with "pHvluciRT4 ,f as a template. 
The PCR product was cloned into the NotI window of pSeV18 + to obtain 
Sendai virus vector to which the luciferase gene was inserted. Then, 
this recombinant vector was transfected into LLCMK2 cells, and 
inoculated into embryonated chicken eggs . Chorio-allantoicmembranes 

20 of developing eggs were excised out, twice washed with cold PBS(-), 

and, after the addition of a lysis buffer (Picagene WAKO) (25 |il) 
and thorough mixing, centrifuged at 15,000 rpm for 2 min. To the 

supernatant (5 jliI each) was added the substrate (IATRON) (50 |il), 
and the mixture was dispensed into each well of a 96-well plate. 
25 Fluorescent intensity was measured with a luminometer (Luminous 
CT-9000D, DIA-IATRON) , and the enzyme activity was expressed as counts 
per second (CPS) . As a result, an extremely high luciferase activity 
was detected with CV-1 cells at 24-h postinfection (Table 6) . In 
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these experiments, Sendai virus which did not carry the luciferase 
gene was used as control (represented by "SeV" in the table) . Results 
obtained from two clones are shown in the table. 

Table 6 

Fluorescence intensity (counts/10 sec) 
Chorio-allantoic CV-1 (24h postinfection) 

membrane 
Luc/SeV 669187 

2891560 8707815 
SeV 69 48 

23 49 



5 Industrial Applicability 

By the present invention, a system for efficient reconstitution 
of viral particles from Sendai viral cDNAs has been established, 
enabling the gene manipulation of Sendai virus to produce the recombinant 
Sendai virus comprising a genome with a desired foreign gene inserted 
10 or a desired gene deleted or inactivated, but retaining the disseminative 
capability. 

Sequence Listing 

SEQUENCE IDENTIFICATION NUMBER: 1 
15 LENGTH: 38 base pairs 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
2 0 SEQUENCE 

TGCGGCCGCC GTACGGTGGC AATGAGTGAA GGAGAAGT 38 

SEQUENCE IDENTIFICATION NUMBER: 2 
LENGTH: 69 base pairs 
25 TYPE: nucleic acid 

STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
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SEQUENCE 

TTGCGGCCGC GATGAACTTT CACCCTAAGT TTTTVTTACT ACGGCGTACG TCATCTTTTT 60 
TCTCTCTGC 69 

5 SEQUENCE IDENTIFICATION NUMBER: 3 
LENGTH: 30 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 
10 MOLECULE TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE 

AAGCGGCCGC CAAAGTTCAC GATGGAAGAC 30 



SEQUENCE IDENTIFICATION NUMBER: 4 
15 LENGTH: 69 

TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
2 0 SEQUENCE 

TGCGGCCGCC ATGAACTTTC ACCCTAAGTT TTTCTTACTA CGGATTATTA CAATTTGGAC 60 
TTTCCGCCC 69 
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CLAIMS 

1. A recombinant Sendai virus containing a genome having a desired 
foreign gene inserted, or a desired gene deleted or inactivated, 

5 but retaining the disseminative capability. 

2. The recombinant Sendai virus of Claim 1 in which one or more than 
one gene encoding functional proteins are altered. 

10 3. The recombinant Sendai virus of Claims 1 or 2 comprising a foreign 
gene capable of being expressed in hosts. 

4. An RNA molecule comprising RNA contained in the recombinant Sendai 
virus of any one of Claims 1-3. 

15 

5 . An RNA molecule comprising cRNAs of RNAs contained in the recombinant 
Sendai virus of any one of Claims 1-3. 

6. A kit comprising 
20 a. a DNA molecule containing a template cDNA capable of transcribing 
RNA of Claims 4 or 5, and 

b. a unit capable of transcribing said RNA of Claims 4 or 5 with 
said DNA as template in vitro or intracellularly . 

25 7. A kit comprising 

a. a host expressing the NP, P/C and L proteins of Sendai virus (each 
protein may be replaced with a protein of an equivalent activity) , 
and 

b. the RNA molecule of Claims 4 or 5. 

30 

8. A method for producing the recombinant Sendai virus of any one 
of Claims 1-3, comprising transfecting RNA of Claims 4 or 5 to a 
host expressing the NP, P/C and L proteins of Sendai virus (each 
protein may be replaced with a protein of an equivalent activity) . 

35 

9. A kit consisting of the following three components, 
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a. a host expressing the NP, P/C and L proteins of Sendai virus, 

b. a DNA molecule containing a template cDNA capable of transcribing 
RNA or cRN A of any one of Claims 4 or 5, and 

c. a unit capable of transcribing RNA of Claims 4 or 5 with said 
5 DNA as template in vitro or intracellularly. 

10. A method for producing the recombinant Sendai virus of any one 
of Claims 1-3, wherein said method comprises introducing a DNAmolecule 
containing a template cDNA capable of transcribing RNA of Claims 

10 4 or 5, and a unit capable of transcribing RNA of Claims 4 or 5 with 
said DNA as template in vitro or intracellularly into a host expressing 
the NP, P/C and L proteins of Sendai virus. 

11. A method for producing a foreign protein, comprising a process 
15 of infecting a host with the recombinant Sendai virus of Claim 3, 

and recovering expressed foreign proteins. 

12 . A culture medium or chorio-allantoic fluid containing the expressed 
foreign proteins obtainable by transfecting the recombinant Sendai 
20 virus of Claim 3 to a host, and recovering said culture medium or 
chorio- allantoic fluid. 

13. A DNA molecule for expressing a protein encoded by a foreign 
gene integrated into a Sendai virus vector comprising said foreign 
25 gene inserted downstream of a promoter in an (antisense) orientation 
for the transcription of antisense RNA encoding said protein and 
said promoter. 
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ABSTRACT 

A method for regenerating Sendai virus particles by transfecting 
the Sendai virus genome to a host expressing all genes for the initial 
5 viral replicationhas beendeveloped, enabling the geneticmanipulation 
of Sendai virus and effective utilization of said virus as the vector. 



